Abstract In the present study, chocolates were investigated that had been prepared according to the composition specified as a result of this previous work (9.00 % w/w inulin and 34.0 % w/w maltitol) Certain physical (particle size distribution [PSD], brightness, chroma, water activity and hardness) and rheological features of the samples resulting from the addition of calcium carbonate in different quantities (300, 450, 600, 750 and 900 mg calcium carbonate to 100 mg milk chocolate) were studied. Both the Herschel-Bulkley and Casson models were used to investigate the rheological findings. It was determined by comparing certain rheological (rate index, Casson yield stress and Casson viscosity) and physical (chroma and hardness) parameters that samples containing 409.5 mg calcium (nearly 41.0 % of the RDA of calcium) per 100 g chocolate did not show significant differences from samples from the control group. Furthermore, these calciumcontaining samples were shown to exhibit positive differences in other physical properties (brightness and water activity) that could be noteworthy and significant with respect to visual quality and shelf life.
Introduction
Chocolate is consumed all over the world, by all segments of society and by people of all ages. Recently, consumers have become increasingly concerned with the nutritional status of foodstuffs. Since chocolate is a potential source of many essential minerals, it can contribute to a healthy diet (Ieggli et al. 2011) . Calcium, one of these elements, is an essential mineral for a variety of physiological and biochemical functions (Aguilar et al. 2012) . Different researchers have shown that calcium intake is insufficient during particular stages of life (Miller 1989) . Recent evidence suggests that calcium-rich diets not only reduce the risk of cardiovascular disease but also play a direct role in the prevention and treatment of obesity (Zemel et al. 2004) . A higher consumption of calcium-rich foods has been recommended in order to avoid the significant repercussions that calcium deficiency may have upon health care and the economy (Aguilar et al. 2012) .
In addition to its key role in the maintenance of skeletal integrity, dietary calcium is now well-recognised as playing an important part in modulating the risk of chronic diseases. The modulation of blood pressure by dietary calcium has been well-established through numerous well-controlled studies over the last 20 years (Zemel et al. 2004 ). Childhood and adolescence are critical times of development during which optimal peak bone mass must be established, and inadequate consumption of calcium during these years increases the risk of osteoporosis and bone fractures later in life (Matkovic 1996) .
The prevalence of dietary calcium deficiency is not known, but there is evidence suggesting that people of all ages, worldwide, fail to consume adequate amounts of calcium (Van der Hee et al. 2009 ). The fortification of a number of foods that do not naturally contain calcium-such as orange juice, other beverages and ready-to-eat cereals-is becoming commonplace in the US. About 43 % of the US population-and almost 70 % of older women-reported calcium intake from supplements, based on a national survey of supplement intake conducted between 2003 (Bailey et al. 2010 Ross et al. 2011) .
The Food and Nutrition Board of the Institute of Medicine (IOM) of US has set a recommended daily allowance (RDA) for calcium of 1000 mg per day, based on estimates of the requirements of both genders throughout the life cycle (Institute of Medicine 2010). The tolerable upper limit for calcium has also been established as 2000 mg per day (Horn 2012) . In chocolates, calcium concentrations depend on the cocoa and milk powder contents. Milk chocolate, which is the most preferred chocolate among children, as well as a high percentage of adults (Belscak-Cvitanovic et al. 2012) , contains a significantly varying amount of calcium than dark chocolate does; the amount of calcium contained in these types of chocolates can satisfy approximately 4.50-25.0 % of the RDA value in the case of 100 g chocolate consumption per day (Chekri et al. 2012; Sager 2012) . However, chocolate consumption at lower levels results in a decrease in this ratio. For example, in Italy, the mean chocolate intake has been calculated as 9 g per day. In India, the consumption rate of chocolate for children has been estimated at 20 g per day (Dahiya et al. 2005; Sager 2012; Sepe et al. 2001) . Therefore, it is believed that chocolates may also be a product that could benefit by being enriched with calcium. CaCO 3 was used in our study as the calcium source. Calcium supplements vary in their calcium contents, with the largest percentage of calcium (nearly 40 % per unit mass) provided by CaCO 3 (this is also the most cost-effective source and is readily available in some antacids). Other salts, such as citrate, lactate and gluconate, contain 21, 14 and 9.3 % calcium, respectively (KrupaKozak et al. 2012 ).
Chocolate quality is often determined by sensory evaluation and physical (such as colour, hardness, water activity) and rheological measurements. Relevant information related to colour has be acquired from modern technologies such as computer vision and calibrated colour imaging analysis according to the HunterLab and CIELab models (Afoakwa et al. 2008; Briones and Aguilera 2005; Jahns et al. 2001; Hatcher et al. 2004; Lawless and Heymann 1998) . Colour changes are likely to be specific to each chocolate sample (Aguilera et al. 2004) . In previous studies, differences in colour parameters were found to vary with the particle size distribution, packaging conditions and storage (Aguilera et al. 2004; Mexis et al. 2010) . Hardness plays an important role in the sensory assessment of chocolate (Viaene and Januszewska 1999) . The hardness of chocolates has been related to the type of fat present and its content, the type of sugar, tempering conditions, conching temperature and particle size distribution (PSD) (Afoakwa et al. 2008; De Clerq et al. 2012; Jovanovic and Pajin 2004; Kieran Keogh et al. 2003; Konar 2013 ). PSD has a significant impact on the rheological and instrumental textural properties of chocolates. In previous studies, Beckett (2000) stated that PSD influences chocolate rheology, with the specific surface area (SSA) and the mean particle size (D [4, 3] ) specifically influencing yield stress. Smaller particle sizes in chocolates are known to improve sensory properties (Ziegler et al. 2001) . In previous studies, it has been reported that the rheological properties of chocolate are affected also by processing (refining, conching and tempering) as well as composition (amount of fat, amount and type of emulsifiers) (Afoakwa et al. 2009; Schantz and Rohm 2005; Varveck 2004 ).
The use of maltitol in chocolate production is important because it makes chocolates "tooth-friendly" and "sugarfree." Furthermore, the addition of inulin makes it possible to produce a product in which prebiotic activity can be observed. Prebiotics have been associated with a variety of health benefits, including an increase in the bioavailability of minerals, particularly that of calcium (Charalampopoulus and Rastall 2012) . Therefore, it important to produce a calciumfortified foodstuff containing a prebiotic compound that can be consumed by all age and socioeconomic groups. In our previous works (Konar 2013; Konar et al. 2013) , we studied the effects of substituting fine sugar with isomalt and maltitol in milk chocolate samples that contain inulin (9.0 % w/w). The use of varying conching temperatures in the samplepreparation process and the effects of these temperatures on the physical and rheological properties of the chocolates were examined. It was concluded that maltitol is a more suitable substitute for fine sugar than isomalt in milk chocolates containing inulin. In the present study, the effects of calcium (Ca) fortification at various levels on the rheological properties (such as yield stress, viscosity and rate index) and physical properties (such as color [brightness, hue angle and chroma], water activity and hardness) of non-sucrose prebiotic milk chocolate samples that contain inulin and maltitol, were examined.
Materials and methods

Materials
The following substances were used for the preparation of the milk chocolate samples: cocoa butter, cocoa mass (Altinmarka, Istanbul, Turkey), sugar (SMS Kopuz, Istanbul, Turkey), milk powder (Besel, Konya, Turkey), soy lecithin (Bremtag Chemistry, Istanbul, Turkey), polyglycerol polyricinoleate (PGPR) (Palsgaard, Zierikzee, Netherlands), vanillin (Ekin Chemistry, Istanbul, Turkey), inulin (Beneo Orafti, Oreye, Belgium), maltitol (Roquette Frenes, Lestres, France) and calcium carbonate (CaCO 3 ; assay ≥99.0 %, Sigma-Aldrich, Gillingham, Dorset). All materials were obtained from Tayas Food Company (Gebze, Kocaeli, Turkey).
Apparatus
A pilot-scale chocolate line and tempering apparatus (Aasted, Farum, Denmark), pilot-scale refiner (Lehman, Asslen, Germany) and pilot-scale conch (BSA Schneider Anlagentechnik, Aachen, Germany) were used for preparing chocolate samples. In addition to general laboratory equipment, a Flame Atomic Absorption Spectrophotometer (FAAS, PerkinElmer Analyst 700, PerkinElmer, Norwalk, CT, USA), a TA-TXPLUS Texture Analyser (Microstable Systems, UK), an LA-300 Laser-Scattering Particle Size Distribution Analyser (Horiba Scientific, USA), a CR400 colorimeter (Konica Minolta, Japan), a Master Water Activity Measurement device (Novasina, Switzerland) and a rheometer (Brookfield R/S Plus, USA) were used for analysis.
Sample preparation
Each sample group was prepared in lots of 10 kg using the formulations presented in Table 1 . For this purpose, the melted fat components (comprising 20 % of the total cocoa butter) and the dry powders (fine sugar, milk powder and cocoa mass, maltitol, inulin and CaCO 3 ) were mixed until homogeneous while being warmed to 40°C. Calcium carbonate (CaCO 3 ) at various levels (300, 450, 600, 750 and 900 mg/100 g chocolate) was used as the source of calcium. At the end of the mixing and warming, the chocolate mass (containing approximately 5.98 % fat) was first pre-refined on a pilot-scale 3-roll refiner (Lehmann, Aaelen, Germany) and then mixed again and warmed to 50°C. To achieve a mean particle size of 20 μm, the gap size/pressure between the rollers of the 3-roll refiner was adjusted and the particle size distribution was measured using a laser-diffraction particle size analyser (Horiba, USA), as described in the discussion of Particle Size Distribution below. After measuring the particle size, dry conching was performed for 45 min, and the remaining cocoa butter (80 % of the total), vanilla, soy lecithin and PGPR were then added (resulting a fat content of 24.0 %). The total conching time was 4.50 h at 55°C.
Afterwards, a three-stage tempering process (33-35, 24-25 and 25-26°C) was implemented (temper index value, as measured by a temper meter [Chocometer, Aasted Farum, Denmark]: 5.50-6.00). Subsequently, the moulding and vibration process (Aasted Farum, Denmark) was conducted at 27-30°C. After 20 min of cooling (Aasted Farum, Denmark) at 5°C, the process was completed. Samples were output at temperatures between 13 and 15°C, and subsequently stored away from light and heat prior to analysis.
Calcium content determination
The calcium content of the milk chocolate samples was determined according to a method published by the Association of Analytical Communities (AOAC; Method 985.35, 2010) by usingan FAAS (PerkinElmer Analyst 700).
Particle size distribution
A method for determining the particle size distribution of each sample was adapted from the method used by Afoakwa et al. (2008) . A LA-300 Laser-Scattering Particle Size Distribution Analyser (Horiba, USA) was used. Approximately 0.20 g of each chocolate sample was dispersed in vegetable oil (refractive index, RI: 1.45) at ambient temperature (20±2°C) until an obscuration of 0.20 was obtained. Ultrasonic dispersion was maintained by stirring for 2 min to ensure that the particles were freely dispersed. The size distribution was quantified as the relative volume of particles in different size bands and presented as size distribution curves. Data were analysed based on Mie theory. The obtained particle size distribution parameters included the following: D [4, 3] (μm), median; D 90 (μm), diameter for which 90 % of particles were smaller in size; specific surface area (cm Konar (2013) . Results for the hardness (N) are expressed as the mean value of 5 replicates conducted on different samples from the same lot of each chocolate.
Water activity
The water activity of the chocolates was measured using a Lab-Master aw (Novasina, Switzerland) according to the method used by Konar (2013) . Aw values of each sample were measured in triplicate at after a follow-up day of sample preparation.
Colour measurement
Instrumental analyses for colour measurement were performed according to the method used by Konar (2013) . The colour parameters in this study were brightness (L*) and
). All data were expressed as the mean value of 5 replicates conducted on different samples from the same lot of each chocolate.
Rheological measurement
Rheological properties of the milk chocolate samples were measured using a rheometer (Brookfield R/S Plus, USA) according to the method used by Sokmen and Gunes (2006) , with some modifications. Each chocolate sample was incubated at 50°C for 75 min, melted, then transferred to the rheometer and sheared at a rate of 5.00 s −1 for 10 min at 40°C prior to beginning the measurement cycles. The shear rate was ramped up from 0.50 to 60.0 s −1 over a period of 120 s and subsequently ramped down from 60.0 to 0.50 s −1
. During each cycle of ramping up and then down, 50 measurements were taken. Each measurement cycle was repeated 30 times consecutively until thixotropy was eliminated from the samples. The data from the 30th measurement were analysed using both the Casson model and the Herschel-Bulkley model. From the best fit of these models to the data, certain rheological parameters, such as the yield stress, viscosity and rate index, were determined.
Statistical analysis
Quantitative data are expressed as mean values. Results were analysed using the Tukey test (SPSS 15.0, SPSS Inc., Chicago, IL.). Values at P <0.01 were considered significant.
Results and discussion
Calcium fortification Chekri et al. (2012) , studying the mineral content of various foodstuffs, reported that the calcium content of chocolate samples (n =10), as determined by the FAAS Method, varied between 45 and 173 mg/100 g. Powdered milk and cocoa mass may be specified as the essential sources of calcium in chocolates before enrichment. These compounds are present in the composition of the product in different ratios depending on the type of chocolate. Therefore, it can be concluded that the type of chocolate is one of the decisive factors in predicting calcium content. Data obtained in previous studies also confirm this hypothesis. Sager (2012) reported the calcium contents of milk chocolate and dark chocolate as about 150-250 mg/kg and 50-100 mg/kg, respectively. The calcium content determined for the non-enriched control samples in the present study (169.8±9.9 mg/100 g) was consistent with the values obtained in these previous studies. Furthermore, it was determined that this control value satisfies approximately 17 % of the RDA suggested by IOM (Institute of Medicine 2010) for calcium (1,000 mg) assuming 100 g of milk chocolate are consumed per day. The daily tolerable upper limit for calcium (2,000 mg) would be obtained by consuming 1,179.9 g of the control chocolate samples in a day.
The calcium contents of the samples labelled A, B, C, D and E were found to be 287±11.0, 351.3±8.90, 409.5±10.4, 468.3±13.8 and 529.9±9.70 mg/100 g respectively. Given the quantities of CaCO 3 used in the preparation of the samples and the determined calcium contents, it was determined that a homogeneous CaCO 3 distribution was present in the chocolate samples. Furthermore, given these calcium contents, it was determined that 100 g of the samples labelled A, B, C, D and E contained enough calcium to satisfy 28.7, 15.1, 41.0, 46.8 and 53.0 % of the RDA for calcium, respectively.
Particle size distribution
An unpleasant texture has been found to occur when too many coarse particles are present in the chocolate (Bolenz et al. 2006) . These coarser particles (size larger than 30 μm) lead to a gritty or sandy product. Grittiness is a textural defect in chocolate, but it is one of many possible defects, including difficulty in swallowing, poor melting, and hardness. In some cases, grittiness represents a minor issue (Do et al. 2007 ). Thus, in this study we investigated the PSD of calciumfortified chocolate samples. The data resulting from this analysis can provide information as to whether or not variation in the determined PSD values is a factor that can predict rheological variations observed in the product. The largest particle size (D 90 ), smallest particle size (D 10 ), mean (D [4, 3] ), median (D [3, 2] ), span and specific surface area (SSA) of each sample group are given in Table 2 . Also, representative PSD curves of different milk chocolate samples are shown in Fig. 1 .
Traditionally, continental European chocolate has been described as having a fineness of 15-22 μm particle diameter, while North American chocolate has a corresponding value of 20-30 μm (Afoakwa et al. 2009 ). Typically, values around 20 μm are used for standards (Schumacher et al. 2009 ). In this study, a mean particle size (D [4, 3] ) of 20 μm was the target for all samples. The observed values for the produced samples were within the range of 19.6265-20.8417 μm ( Table 2 ). The differences between D [4, 3] values were statistically significant (P <0.01), it is believed that they are at a tolerable level, and that they might be due to deviations in the sample preparation procedures. However, it is noteworthy that the values of both SSA, which is another important PSD parameter, and span varied directly with the amount of CaCO 3 in the sample. The value of D 10 was also found to vary inversely with CaCO 3 content. No correlation between the other parameters described above and CaCO 3 content was found.
Previous studies have also shown that SSA is inversely correlated with the different components of the PSD (Afoakwa et al. 2009; Beckett 1999; Sokmen and Gunes 2006; Ziegler and Hogg 1999) , as was observed in this study. As a result, it was concluded that a variation in PSD may occur depending on the CaCO 3 content of chocolate, and that it is possible to observe a variation in the rheological, sensory and textural properties of the product due to this PSD variation.
Colour
In this study, the CIELab model was used to determine the brightness (L*) and chroma (C*) for each chocolate sample. The L* value for the control samples was determined to be 37.8±0.23, while this value varied between 38.8±0.11 and 38.3±0.63 in case of samples to which CaCO 3 had been added (Table 3 ). The brightness values for all of the calcium-enriched chocolates were higher than that of the control (P <0.01), and this value was observed to vary directly with calcium content, with the exception of the sample to which 900 mg of CaCO 3 was added. Thus, it is believed that the enrichment of milk chocolate samples with CaCO 3 may result in an increase in brightness and an improvement in visual quality.
In previous studies, differences in L* (38.3-43.5) and C* (11.0-14.4) were found to vary with the process conditions and storage (Aguilera et al. 2004; Mexis et al. 2010) . In this study, chroma values varied within narrow ranges, such as 15.0±0.65-15.5±0.81 (Table 3) ; however, statistically significant variations were determined between the sample groups (P <0.01). No obvious correlation between this variation and the calcium content or the quantity of supplementary CaCO 3 added could be established.
Hardness
The data from our study (Table 3) showed that calcium fortification cannot be considered as one of the factors affecting hardness, provided that all features of the chocolate and production process used in the study are taken into account. No statistically significant variation between all sample groups could be determined with respect to hardness.
Farzanmehr and Abbasi (2009) studied milk chocolates containing inulin. These researchers obtained different hardness values (10.1-15.0 N) for samples of different compositions. In the present study, the hardness values were determined within narrow ranges, such as 11.3 ± 0.30-11.4 ± 1.46 N. Similar samples, containing also calcium in addition to inulin and maltitol, were produced in this study.
Good chocolate should have a smooth, soft, velvety texture, while poor quality chocolate feels hard, grainy or waxy (Aidoo, et al. 2011) . Therefore, the fact that enriching the calcium content of the chocolate samples by using CaCO 3 as a calcium source did not cause an undesired variation in hardness and can be considered to be a favourable result.
Water activity
Prebiotic chocolate samples were produced using inulin (9.00 %, w/w). Inulin is a hydrophilic substance; therefore, it may influence the water activity of the foodstuff to which it is SSA specific surface area, D 90 largest particle size, D 10 smallest particle size, D [4, 3] mean, D [3, 2] median, SD standard deviation. For each parameter, mean values followed by the same letter are not significantly different (P <0.01) added. On the other hand, maltitol, which is used as a bulk sweetener, has a moderate hygroscopicity. In a previous study, the water activity of control samples (0.22±0.003) was determined to be lower than that of samples containing inulin, which exhibited water activity values in the range between 0.40 and 0.50. However, this value may be influenced by the raw materials and processing conditions, particularly the refining and conching steps (Biquet and Labuza 1988; Rossini et al. 2011; Vercet 2003) . For example, Farzanmehr and Abbasi (2009), using 10.45 g/100 g inulin in the preparation of milk chocolate samples, found a water activity value of 0.34. In a previous study (Konar 2013) in which the samples were prepared using 9.00 g/100 g inulin and 34.0 g/100 g maltitol, identical to the samples used in the present study, water activity was determined to lie within the range of 0.22-0.24. Another reason for lower water activities determined in the present study may be the fact that water activity was measured on the day following the day of sample preparation. In the present study, measured water activity values were in the range between 0.21±0.00 and 0.19±0.01 for the calciumenriched chocolate samples (Table 3) . Water activity varied inversely with the quantity of CaCO 3 used in preparation of the samples. Although all samples showed significant variation in water activity as compared to the control (P <0.01), no significant variation was observed between sample groups A, B and C, which were prepared with 300, 450 and 600 mg of CaCO 3 , respectively (P <0.01). Sample group E, prepared using the largest quantity of CaCO 3 (900 mg), found to be the sample having the lowest water activity (0.19±0.01).
In general, it can be concluded that calcium fortification in the milk chocolates prepared in this study may offer advantages with respect to shelf life and storage stability, provided that fortification does not have an adverse effect on the sensory features of the product.
Rheology
Molten chocolate is a non-Newtonian fluid with a yield stress, which can be characterised using a number of mathematical models, including the Bingham, Herschel-Bulkley and Casson models (Konar 2013) . With regard to techniques for characterizing the rheological properties, the International Confectionary Association (ICA, previously IOCCC) suggests the use of rotational viscometers with concentric cylinders, to be used in conjunction with the Casson equation. The Casson model was also applied to the data from the present study. However, Sokmen and Gunes (2006) , who investigated the effects of different bulk sweeteners, such as maltitol, isomalt and xylitol, as well as the particle size distributions of these sweeteners on the rheological properties of molten (Konar 2013) . In the present study, the Herschel-Bulkley model showed the best fit for predicting rheology, except in the case of sample group D. Therefore, the related rheological parameters, such as yield stress, viscosity and rate index, along with Casson yield stress and viscosity, are given with together at Table 4 . Also, plots of viscosity versus shear rate of milk chocolate samples which containing various quantities of calcium, are shown in Fig. 2 . Examining the rate index (RI) values for all of the samples showed similar values across the range of samples (0.88-0.97). Almost all of the calcium-fortified samples (A, B, C, D and E), as well as the control sample (K), were found to be pseudoplastic (shear-thinning) (0<RI<1). The variation between the rate index value for samples D and E, containing the highest quantities of CaCO 3 , was not found to be significant (P <0.01), nor was the variation in rate index between the control sample and the samples from groups B and C. Adding a small amount of CaCO 3 (300 mg) to the control samples was found to reduce significantly the RI value. As this amount increased (450 mg and 600 mg), the RI value reached a level that did not vary significantly in comparison to the control. Adding higher amounts of CaCO 3 increased the RI value by a statistically significant amount. It is noteworthy that the final achieved value of rate index (0.97), for the chocolates enriched with the largest quantities of calcium, was very close to the value associated with a shear-thickening property. It is believed that this is due to the increased calcium level increasing the intensity of interactions between calcium and the powdered milk proteins found in the chocolate.
Examining the yield stress values obtained by using the Herschel-Bulkley model, it was found that significant variations were present between the samples (P <0.01), but such variations could not be associated with the varying amounts of calcium. The viscosity values obtained using this model showed that RI values increased with increasing calcium content, except in the case of samples from group E.
Although the best fit was obtained by using the HerschelBulkley model, it was found that viscosity values obtained by using the Casson model produced more meaningful results. The viscosity values calculated using this model varied between 2.57 and 3.16 Pa.s. No significant variation between the samples was observed with respect to the Casson viscosity values (P <0.01), with the exception of sample D. On the other hand, as the CaCO 3 content of the chocolates increased across the range of samples, Casson yield stress values first decreased in sample group A relative to the control group, then subsequently increased for the other sample groups.
Although the difference between the Casson yield stress (2.83 Pa) of sample group E, which had the highest calcium enrichment, and that of the control group (2.14 Pa) is statistically significant (P <0.01), this was considered to be a tolerable difference.
Considering the type and quantity of the calcium resource used in the present study, it has been concluded that calcium enrichment does cause variations in the rheological properties of the milk chocolate samples containing inulin and maltitol, but that the magnitude of this variation generally changes depending on the amount of calcium that is used.
Conclusions
The properties of calcium-enriched chocolates were compared with control samples in the present study. Certain physical features of calcium-enriched milk chocolate samples, such as hardness, do not change significantly, while other physical features change favourably with regard to the visual quality and shelf life of the product. However, variations in rheological features could not be clearly correlated with the level of calcium enrichment. It is noteworthy and significant that either no significant difference was observed between the samples containing 409.5 mg/100 g calcium and the control samples with respect to certain rheological (RI, Casson yield stress and Casson viscosity) and physical (chroma and hardness) parameters, or that a tolerable difference in these properties was observed. In addition, other physical properties changed (brightness and water activity) in favour of improved visual quality and shelf life. Consuming 100 g of this calciumenriched product can satisfy approximately 41 % of the RDA of calcium; however, further studies using in vivo methods should be conducted to determine the correlation between the bioavailability of calcium and the presence and amount of prebiotic substances in chocolates.
